Data on neonatal group B streptococcal (GBS) invasive disease burden are needed to refine prevention policies. Differences in surveillance methods and investigating for cases can lead to varying disease burden estimates. We compared the findings of laboratorybased passive surveillance for GBS disease across South Africa, and for one of the provinces compared this to a real-time, systematic, clinical surveillance in a population-defined region in Johannesburg, Soweto. Passive surveillance identified a total of 799 early-onset disease (EOD, <7 days age) and 818 LOD (late onset disease, 7-89 days age) cases nationwide. The passive surveillance provincial incidence varied for EOD (range 0.00 to 1.23/1000 live births), and was 0.03 to 1.04/1000 live births for LOD. The passive surveillance rates for Soweto, were not significantly different compared to those from the systematic surveillance (EOD 1. . A review of the few cases missed in the passive system in Soweto, suggested that missing key identifiers, such as date of birth, resulted in their omission during the electronic data extraction process. Our analysis suggests that passive surveillance provides a modestly lower estimate of invasive GBS rates compared to real time sentinel-site systematic surveillance, however, this is unlikely to be the reason for the provincial variability in incidence of invasive GBS disease in South Africa. This, possibly reflects that invasive GBS disease goes undiagnosed due to issues related to access to healthcare, poor laboratory capacity and varying diagnostic procedures or empiric antibiotic treatment of neonates with suspected sepsis in the absence of attempting to making a microbiological diagnosis. An efficacious GBS vaccine for pregnant women, when PLOS ONE |
Introduction
Group B Streptococcus (GBS) is a leading cause of neonatal sepsis and meningitis in highincome countries. The epidemiology of invasive GBS disease in low-and middle-income countries is less well characterized [1] . Several studies have demonstrated the importance of GBS as a neonatal pathogen in sub-Saharan Africa, with incidence of invasive early-onset (EOD, between 0-6 days of life) and late-onset (LOD, from 7 to 89 days of life) disease of 0.92 to 2.09 and 0.56 to 1.0 per 1,000 live births, respectively [2] [3] [4] . Studies from some regions, including West Africa and South Asia, have, however, reported much lower incidence of invasive GBS disease [1, 5] despite evidence that maternal colonization with GBS does not vary significantly by geographic region [6] .
Accurate data on disease burden are important for prioritization of prevention strategies such as the development of a maternal GBS vaccine [2, 7] . Suboptimal surveillance can produce misleading results that can negatively impact policies. To examine the impact of surveillance methods on disease burden estimates, we compared the findings of laboratory-based passive surveillance for GBS disease across South Africa with that of real-time, systematic clinical and laboratory-based surveillance at a major South African secondary-tertiary care hospital serving a defined population [8] .
Methods
The National Health Laboratory Service (NHLS) provides diagnostic laboratory services for all public-sector hospitals, which serve approximately 80% of the South African population. Test results are stored in an electronic repository (Corporate Data Warehouse [CDW] ). Data from NHLS laboratories throughout the country are automatically uploaded onto the CDW. Data not captured at the source laboratory (e.g., date of birth, gender) are missing in CDW. While the ward listed in CDW could provide some indication of the general age group (e.g. neonatal or paediatric), this information was not specific enough to classify cases as either EOD or LOD, and thus was not utilized in the analysis.
We searched CDW for all reports of GBS isolated from a normally-sterile specimen (e.g., cerebrospinal fluid, blood) or detected by latex agglutination plus Gram stain suggestive of GBS from January 2004 through December 2008. For that time period, CDW included data for 8 of 9 South African provinces (all except KwaZulu-Natal [KZN]). Persons with multiple positive specimens from a single episode of illness (defined as specimens collected within 21 days of the first positive GBS result) were counted as one case. Duplicates were removed using names, laboratory numbers as well as dates of birth for both data bases. Identifiers were included prior to CDW analysis but stripped out prior to the CHBAH analysis. The date used to calculate onset in CDW was based on the lab processing date, therefore the exact onset of illness could not be known. This may also have affected the numbers of EOD and LOD.
Numbers of live births [9] excluding live births in KZN (because KZN was not on a laboratory information system and hence there were no data in CDW) were used to estimate rates of early-and late-onset disease, defined as cases occurring among infants aged 0 to 6 and 7 to 89 days, respectively. Home births are included in the national data. In 2010, approximately 87.3% of births nationally occurred in health care facilities [10] . These data represented passive GBS surveillance.
Chris Hani Baragwanath Academic Hospital (CHBAH) is a 3000-bed academic hospital affiliated with the University of the Witwatersrand, in Soweto, Johannesburg (Fig 1) . It is the only public-hospital in Soweto with neonatal care facilities and approximately 90% of all hospitalizations from the community occur at this hospital. The annual birth cohort of Soweto is approximately 30 000. Ninety five per cent of deliveries in Soweto occur in health facilities, the majority (approximately 23 500) occur at CHBAH, and the remainder at seven surrounding midwife operated units (MOUs). The nursing staff at the MOU has a low threshold for referring any women experiencing difficulty with progress in labour and all newborns with respiratory distress or other illness directly to CHBAH for further management. [8, 11] Furthermore, during the time period of this study, CHBAH was the only public secondary/tertiary hospital in the Soweto area and the majority of infants, few (<10%) of whom are on private medical insurance would have sought medical care directly at the hospital or would have been referred from the primary health clinics if requiring hospitalization. Although CHBAH is also a referral hospital for the region, neonatal sepsis is not considered specialised care and is generally managed at secondary hospitals in each province. Health care in South Africa, particularly for acute conditions such as labour and neonatal sepsis, is generally sought at the hospital serving specific catchment areas where the individual resides. Hence, the majority of EOD and LOD cases at CHBAH are likely to have been in infants resident in Soweto itself.
The standard of care for prevention of invasive GBS disease at CHBAH, only involves recommending IAP (intravenous ampicillin and oral metronidazole) for women in labour with suspected chorioamnionitis and prolonged rupture of membranes. During this study period, 10.5% of women received IAP during labour [8] . IAP practices vary in the country and it is difficult to assess what proportion of women in labour, at institutions with formal guidelines, actually receive IAP.
Real-time, systematic clinical and laboratory-based surveillance for invasive GBS disease has been on-going since 2004 at CHBAH. Here, attending clinicians have a low threshold for undertaking blood and other sterile site cultures from newborns with suspected sepsis. All positive isolates were checked against the laboratory log daily to identify the invasive GBS cases. The new cases were tracked and additional confirmatory data (including date of birth and gender) were added to the CHBAH database, but not to the CDW if missing. Twice a year, all invasive GBS cases were drawn down from the electronic database at CHBAH laboratory and these cases were cross-matched with the cases identified through the systematic surveillance platform (personal communication CL Cutland) . The microbiology laboratory at CHBAH is accredited by the South African National Accreditation System (SANAS) [12] .
We considered published data from CHBAH to be the referent standard for GBS EOD and LOD incidence in South Africa.
We used previously-unpublished data from January 2004 through December 2008, extracted from CDW and published data from CHBAH for that time period. In addition we compared the cases identified through CDW for CHBAH to the systematic surveillance identified cases at CHBAH to evaluate the robustness of CDW as a passive surveillance tool.
We calculated incidences of EOD and LOD using CDW data for (1) the CHBAH catchment area, (2) Gauteng province (in which CHBAH is located), and (3) all of South Africa (excluding KZN); we compared CDW CHBAH to CHBAH systematic surveillance incidence using a rate ratio. Denominators for provinces were taken from census data. Confidence intervals were calculated using the Poisson distribution for incidence rates (IR) and log binomial model for incidence rate ratios (IRR).
Although we used only isolate data from patients, we received ethics approval from University of the Witwatersrand Human Research Ethics Committee (M120368). Since it was secondary data analyses, the Ethics committee waived the need for informed consent. All patient records/information was anonymised and de-identified prior to CHBAH analysis. CDW was analysed with identifiers.
Results
From January 2004 through December 2008, 2,468 cases of invasive GBS were identified in CDW, including 2,197 (89.0%) with available birth date. Of those, 1,617 (73.6%) occurred among neonates aged 90 days, including 799 (49.4%) early-and 818 (50.6%) late-onset cases. Among EOD cases in CDW, the median age of case detection was two days; 74 (9.3%) manifested on the day they were born, 301 (37.7%) on day 1 of life and 176 (22%) on day 2 of life; this was based on the laboratory processed date rather than the date of onset of illness and skewed the data especially in the first 48 hours of life. Gender was known in 2144 cases (87%) of whom 1079 (50%) were male; there was no marked difference in gender distribution across provinces. Among neonates aged 90 days with known gender, 52% (1428) were male.
The observed case numbers and incidence (per 1 000 live births) using CDW data for the CHBAH catchment area were approximately 18% lower than the real-time systematic clinicalbased surveillance at CHBAH incidences for both EOD (1.23 When the CHBAH active surveillance and the CDW database were compared, 355 (91%) of the active surveillance cases were matched to the CDW database. Using the dates of birth from the active-surveillance database, an additional 34 CDW cases (33 EOD and 1 LOD) were identified.
Rates (per 1000 live births) for EOD and LOD varied considerably by province (Table 1) Table 1 and Fig 1; Soweto rates being much higher than elsewhere.
Discussion
In this assessment of the burden of invasive GBS disease in South Africa, we found marked differences across provinces, with implausibly low estimates of disease from many provinces. Passive laboratory-based surveillance (CDW) provided reasonable estimates of the burden of invasive GBS disease when restricted to an area in which clinical and laboratory practices are conducive to identifying GBS disease e.g., CHBAH [8] , This, however, would have under-estimated the incidence of EOD and LOD by 18% and 15%, respectively. This discrepancy could be due to by missing data in the CDW; for example, a missing date of birth would be tracked down in the active surveillance, but the case would have been omitted when interrogating CDW data alone in the presence of age as a filtering search criteria. There were an additional 34 cases that the active surveillance system picked up but were not on the initial CDW database; especially in 2004. This may have been due to a change-over in the laboratory information systems at the time or that there was a dedicated person doing the same drawdown six monthly at CHBAH whereas the CDW drawdown was done as a once off many years later.
Considering the public health care structure in South Africa, the high incidence of invasive GBS disease reported for Soweto is unlikely to be driven by large numbers of neonates resident outside of Soweto seeking care at CHBAH. This is corroborated in that the overall incidence (per 1000 live births) of invasive GBS disease reported for Soweto using the sentinel site systematic surveillance (2.72) [8] , was similar to that observed in a cohort study of 8000 pregnant women delivering at CHBAH (2.0) [13] . Rather, this high incidence is likely due to the majority of births in Soweto occurring at a secondary-tertiary levels hospital, with a low threshold of referring ill neonates from surrounding primary health care clinics. This is further coupled with a low threshold for undertaking microbiological tests, including blood and cerebrospinal fluid culture, in neonates with suspected sepsis and prior to initiating antibiotic treatment. Furthermore, this is supported by an accredited laboratory which uses state-of the art automated blood culture methods.
Passive surveillance data from other provinces yielded markedly lower incidence estimates, with remarkably few EOD recorded in some provinces. Although it is possible that some true geographic variability in GBS burden exists within South Africa, e.g., in the Western Cape where we assume good blood culturing practices and low disease rates [4] , particularly since HIV exposure has been shown to be a risk factor for GBS disease and the prevalence of HIV among pregnant women varies across provinces [8] . However, the magnitude of the differences we observed suggests that in many regions of South Africa, invasive GBS disease goes largely undiagnosed possibly due to blood culturing practices. This is supported in that the prevalence of vaginal GBS colonization, which is the key risk factor for EOD, has been reported to be similar in different provinces in South Africa [14] . Consequently, when considering that approximately 50% of newborns to GBS colonized women are colonised at birth, of whom 1-3% develop invasive EOD in the absence of IAP [15] , it would have been expected that the incidence of EOD would have been similar between the provinces, in the absence of screening for GBS during pregnancy and only a risk-based IAP strategy. These estimates of 1-3% of colonized new-borns developing EOD were also corroborated in a study from Soweto, in which of the 57% of newborns born to colonised women were colonised themselves at birth, of whom 2% developed EOD [14] .
It might be that differences in practice for investigating neonates with suspected sepsis is a critical determinant to the variability in EOD incidence in South Africa. We did a neonatal sepsis survey in 2012 where 17 paediatricians from secondary/tertiary centres throughout the country were asked about specimen-taking practices in sick children (unpublished data). Fourteen sites (82%) said they did diagnostic evaluations (including blood culture but not routine CSF culture) on obviously septic neonates >75% of the time. Three sites said they did not do blood cultures on all septic neonates and these are the respective secondary hospitals in the 3 provinces that had the fewest GBS cases (LP, NW and NC).
The timing of early-onset cases in this study also suggests a failure to detect cases occurring within the first 24 hours of life. Among all newborns with early-onset disease within CDW, only 9.3% had specimens collected on the same date they were born. In contrast, at CHBAH, 64.5% of early-onset cases were detected within the first 24 hours [8] . The data from CHBAH are consistent with data from the Unites States of America, where before widespread GBS prevention efforts approximately 80% of early-onset cases occurred within the first 24 hours of life, with the majority of those presenting within hours of being born [15] . The relative lack of cases detected within the first 24 hours of life in the CDW data suggests that in much of the country, GBS presenting soon after birth may be frequently missed and babies born with respiratory distress should be investigated more aggressively.
Several factors may contribute to the under-ascertainment of GBS cases [5] . Babies born at home, limited access to health care particularly for newborns, or empiric treatment at primary level health facilities may affect the number of cases detected. In Soweto, the primary area served by CHBAH, medical care is relatively accessible [16] as it is in the WC tertiary centres [4] , although in the WC the majority of births occur at mid-wife operated units and ill neonates are empirically initiated on antibiotic prior to being transferred to a secondary or tertiary care hospital, where blood and CSF cultures might be obtained. Also, in other areas of South Africa there may be more barriers to care for ill neonates and a higher proportion of births born outside of health facilities. Variability in laboratory capacity is likely also an important factor in the South African context, particularly for babies born at primary health care facilities where blood culture facilities are generally unavailable, inadequate specimen collection, laboratory supplies and suboptimal laboratory methods also play a part especially in district hospitals.
Early-onset GBS disease can be prevented through intravenous intrapartum antibiotics for GBS-colonized mothers [17] . While this strategy is not feasible in most resource-poor settings because of the cost and complexity of implementation, a risk-based approach using intrapartum risk factors (rather than pre-natal screening) to guide antibiotic prophylaxis is currently used in several hospitals across South Africa, including CHBAH, with limited success [16] . Risk-based IAP could potentially have impacted observed rates of disease; however the coverage of this prevention intervention at CHBAH is likely similar or greater than coverage nationwide, yet CHBAH had the highest measured rates. Therefore heightened use of IAP elsewhere in SA, is unlikely to have contributed to the variability in GBS disease incidence observed.
This study has several limitations. Only one site with systematic surveillance was available to compare against a passive surveillance system using CDW. No formal surveillance evaluation was done to look at system attributes of simplicity, flexibility, data quality, acceptability, sensitivity, predictive value positive, representativeness, timeliness and stability. There were no published data on specimen taking practices countrywide other than the short survey we did (unpublished data).
Limitations to the passive CDW surveillance system are that it is laboratory-based and only includes patients who sought care at public hospitals and where blood cultures were done and a sufficient laboratory capacity was established. It is therefore an underestimate of the true national burden [18] . In addition, many patients will seek care at the local clinic before referral to the second/tertiary level centre; here antibiotics may be given before referral hence even if they have blood cultures taken these will be negative. Problems with data quality in CDW affected our findings. For example, differing information on laboratory number and missing date of birth in CDW resulted in cases being missed, since without date of birth cases could not be classified as early-or late-onset. CDW had 11% of birth dates and 13% of gender missing. Provincial population live birth data may not be as accurate as the Soweto population live birth data used as the denominator for CHBAH, resulting in over-or underestimates of incidence, depending upon the direction of the error.
The variability in rates highlights the need to interpret GBS data obtained through passive surveillance with caution. Passive surveillance systems may have the benefit of being feasible and low cost, which are important considerations in resource-poor areas. They also may be used to monitor changes over time if the methods are stable. It cannot, however, address factors such as threshold for investigating and is subject to temporal changes which could influence trends over time. Undertaking sentinel surveillance studies, with more patient details, to measure the true burden of disease is useful as has been done in Soweto. Expanding this to other surveillance sites would improve the representivity of data. Where suboptimal clinical and laboratory practices are in place, it is easy to conclude that GBS disease is not an important public health problem. Policy decisions and efforts to develop new GBS prevention strategies should be guided only by high-quality surveillance data that are likely to yield a more accurate estimation of true disease burden.
Vaccine probe studies for pneumococcus and Haemophilus influenzae type b invasive disease, illness which also suffer from under detection because of diagnostic limitations, have been useful in defining more accurate estimates of the burden of disease caused by these organisms [19] . These studies look at the difference between the burden of disease in vaccinated and unvaccinated persons. This difference can then be attributed to that vaccine-specific pathogen. Maternal GBS vaccines are being pursued as a prevention measure for neonatal disease [20] . Once a safe and efficacious vaccine is available, a probe study could be useful in characterising the burden of GBS disease, particularly in resource-poor settings. Until that time, data on neonatal GBS disease from surveillance systems that are not optimised should be interpreted with caution.
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